This research is an attempt to present a new approach for the assessment of collective competence level (CCL) as far as supply chain (SC) is concerned. The approach consists of three main stages, which can be introduced as follows: the first stage concerns the calculation of the performance indicators (PIs) related to the company's production such as: the workload, efficiency of manpower, and overall equipment effectiveness. The second stage deals with the calculation of the CCL of the team while exploiting the PIs calculated in the first stage. The third stage, however, knows the application of two methods, by integrating CCL method to make a comparative study, using the fuzzy logic, which allows a data processing to fuzzy values using subjective elements, and the TOPSIS method, that gives a satisfactory solution, close to perfect performance. The approach is experimented through an application by an automotive company.
Introduction
The business success generally depends on the efficiency of developing, manufacturing and distributing its products with an optimal lead-time that satisfies the customer in terms of quality, cost and time (Matawale et al., 2013) . Therefore, the "Manufacturing companies will need to redefine their management policies if they are to survive the dowturn and achieve success in the future" (Meddaoui and Bouami, 2013) . Companies must provide guarantees about the occurrence of significant risks and adopt preventive measures and mitigation of their occurrence (Basirat et al., 2013) . To achieve this goal, the supply chain managers are responsible for maintaining the network of delivery of products and services throughout the entire process of supply chain, from the raw materials till the finished product reaches the customers through a set of procedures which include production, coordinated teamwork, and monitored productivity.
In this research, we focus on the evaluation of collective team competences in the production section. Our aim is to secure the good performance of the company and the achievement of its objectives. Yet, we introduce a new method that can, first, analyse the performance of the indicators in the production section, and then include them in the calculation of CCL of teams. The obtained data is exploited later in the application of fuzzy logic and TOPSIS method. This approach helps the managers of SC take good control of the channel. Our research is structured as follows: first, we establish a literature review to define the SC, PIs, individual and collective competence. Second, we shed light on the advantages and limitations of the existing methods, and introduce the alternative methods we developed and exploited in our evaluation to make adequate decision. Finally, we apply the proposed approach on an automotive supplier, through a case study and then present the synthesis of the results and prospects of our research.
Literature survey
Competence management is the key component of every business processes, including SC that represents the basis of its performance. "Competence management is, however, the way organizations manage the competencies of corporations groups and individuals" (Harzallah et al., 2006) . "Nowadays, competitiveness of a firm refers its capabilities to exploit its resources, competencies and knowledge" (Singh and Ahuja, 2012; Meddaoui and Bouami, 2014) . In this respect, our research paper focuses on the assessment of collective competence in the SC, for this reason, we implement the performance indicators related to the production section, as the assessment of the performance of a SC is made through these indicators and methods (see Section 3).
Before starting our study, it is very crucial to define the technical terms mentioned in this research such as: SC, PIs and collective competence based on individual competence.
Supply chain
SC is defined as a series of stages, which a product passes through like production and distribution. It is a chain, which involves all the assistants and participants to produce a product for the final customer (Chakraborty and Mandal, 2014) , technically referred to as -Business to Customer -Production in SC is regarded as a notable inner part of this chain (Sefiani, 2014) . It is even considered as the core of this system, which meets the objectives of communication, evaluation, information, diagnosis, motivation and continuous improvement of the company that uses the key to PIs aiming at satisfying the customer in terms of time, cost and quality.
Performance indicators
According to Lorino (1996) , the PIs are the information that enables an actor or a team work to evaluate the company's results and achievements; however, PIs are quantified data which can measure the whole or parts of a process, according to the norm, plan, or a pr-determined objective of a company's strategy (Cerutti and Gattino, 1992 ). Yet, Lauras (2004) concluded from the first definition that the PIs are not mere numbers , but tools that contribute to a decision making; and sees PIs in the second definition as numbers informing about relative state of a specified context. Nevertheless, we can consider the PIs, as numbers and instruments implemented to inform, inquire and evaluate an actor, a group of team work or the process of a system.
Individual and collective competence

Individual competence
Individual competence, as stated by Sefiani (2014) , is the ability of an individual to combine, coordinate resources and unit competences in order to meet a goal in the activity. It is either acquired by the individual, or required by the activity in progress. Furthermore, Russ-Eft (1995) observed that the debate about the nature of competences and the way they can be evaluated is still going on. Dietrich et al. (2010) define the collective competence as the outcome of the coordination and the organisation capacity of individuals (see Subsection 2.31) working towards the same goal. As for Krohmer (2004) , collective competences are all common practices involving the knowledge and the skills of the team members. Therefore, collective competence, on one hand, is the ability of a team to ensure its permanent organisation and enhance the spirit of teamwork, which leads to creativity and invention. On the other hand, it is the ability of co-constructing an ad hoc solution. Krohmer (2004) also perceive the collective competence as a number of interaction scenarios which arise through the mobilisation of a group of relevant actors.
Collective competence
Based on the above-mentioned characteristics of collective competence, we can define this later as the ability of generating the team spirit, such as exchanging and sharing knowledge and competences of a specific activity among the team members. It is the establishment of the cooperation and positive communication between the team members; the fact that permits the coordination of the work and attainment of the objectives set by companies in the best time and quality.
Materials and methods
To ensure proper competence assessment, we identify the strengths and limitations of some methods for assessing competence, and then we make our choice.
Strengths and limitations of the methods to evaluate competence
There are several methods used in the field of competence management. Among which are:
• Fuzzy logic has been used to soften the representation and processing of data, based on human reasoning. Fuzzy logic is applied to solve complex problems in a great number of fields, including, business, electronics, medicine … etc. "Many researchers contributed models for assessing the sustainability level of an organization using techniques like fuzzy logic" (Vimal and Vinodh, 2013) . It allows us to respond to doubts and ambiguities created by the human language, which lacks the effectiveness of providing precise terms. However, the elaboration of fuzzy rules is a hard step that requires a lot of precision; still, its roles, membership, and fuzzy outputs can be misinterpreted, the fact that makes analysis difficult (Godil et al, 2011 ).
• TOPSIS is a technique of decision-making, used in the treatment of multi-attribute or multi-criteria. It introduces the concepts of ideal and anti-ideal, "It is known by the subjectivity involved in expression of preferences and opinions by the experts which sometimes let the perceptual errors creep in and affect the decision making process" (Sanjay and Satya, 2013 ).
• 360-degree appraisal involves all managers who are directly or indirectly connected with the evaluation of an individual at work. Its advantages are both diverse and objective (Ramin et al., 2012) . Its limitations, however, are manifested in the complexity and logistical constraints such as unavailability and difficulty of finding assessors.
• ELECTRE III permits the classification of potential actions ranged from the best to the worst, and provides relatively stable results. But, this method involves a large number of technical parameters which must be determined by an expert, the physical interpretations of which are un-exiting, the fact that makes this method too complicated and very difficult to interpret.
• Analytic hierarchy process (AHP) decomposes a problem and compares, in pair-wise, the obtained component parts, using a weighting scale to make a decision, as a result the importance of each component becomes clearer (Jovanović et al., 2015) ; nevertheless, a large number of the obtained pair-wise comparisons become a heavy task.
The above literature review highlights that the 360-degree appraisal method and ELECTRE III method, take into account many constraints and technical parameters, which make the analysis of data lengthy and complex. On the contrast, the AHP method decomposes the problem into a number of sub-systems which require a number of significant pair-wise comparisons. For this purpose, we choose fuzzy logic and TOPSIS methods, as the fuzzy logic meets the uncertainties and ambiguities created by the human language. Lotfi Zadeh who first introduced fuzzy logic, once remarked "In almost every case you can build the same product without Fuzzy Logic, but fuzzy is faster and cheaper" (MathWorks, 2013) . And TOPSIS method is used to find the ideal solution with less time and the ranking of evaluated alternatives.
To support our research, we develop a method to evaluate CCL introduced below, based on the calculation of the individual competence level method which has been presented by Zaki et al. (2013) .
Propose approach: assessment of collective competence level method
Collective competence level
We can define the CCL as the capacity degree of a group of people to implement effectively the acquired and required competencies in order to perform correctly the activities in the required deadline. The CCL of employees reflects the level of performance generated in terms of effectiveness and efficiency. In the CCL, we integrated the performance indicators [efficiency of hand work (EHW), Workload, overall equipment effectiveness (OEE)] taking into consideration the weight of each activity. This approach allows the manager to evaluate the CCL and have a better view, regarding the proper allocation of man/machine or workstation in SC.
We propose the equation (1) to determine the collective competence level of the team 'k' relative to the product 'j' as follows. 
Performance indicator: the workload
The workload is an indicator, used in the sense of determining the effectiveness of work of each team. It takes into consideration the number of manufactured parts and also cycle time for producing these materials in order to get an idea about the real workload. This indicator does not take into consideration the economical and the qualitative sides, therefore it is important to add other indicators which can provide an economical idea and/or qualitative. The formula is:
Number of good parts Cycle time
Performance indicator: efficiency of hand work
The EHW is an indicator that completes the first 'Workload' indicator. It states whether there are losses or gains for a company. With the help of the invested resources we can use these indicators to analyse all the actions introduced by simply inserting in the formula the following: consumption of the raw material, or number of operators, or number of worked hours... etc. In our research, we will focus on the number of operators.
Workload / Number of operators = EHW ( 3 )
Performance indicator: OEE
The OEE is an economic indicator, which includes several indicators, such as the availability rate, effectiveness rate and quality rate. Among the wastes that influence the OEE, there are wastes that are related to quality (scrap and retouching), availability (equipment failures), and effectiveness (production rhythm loss). The OEE "has been recognised as a necessity for many organisations" (Badiger and Gandhinathan, 2008) . The formula used is: 
Having introduced the evaluation collective competence level method, and the associated performance indicators, we will explain our fuzzy logic and TOPSIS approach.
Fuzzy logic integrated in collective competence level
Fuzzy logic is characterised by a membership function as a curve which represents the membership relation between a variable and a subset between 0 and 1 degree of membership. Fuzzy logic has three processing steps: first, the fuzzification, it is the association of the degree of membership with each real input value relative to the corresponding fuzzy values (Math Works, 2013) . Second, the inference engine, this step of inference describes all types rules (IF-THEN) which are in the form of conditional statements relating a fuzzy input and output. Third, the defuzzification is the reverse step which allows the passage of the fuzzy form to the actual value. Among the defuzzification methods are: bisector area, largest maxima, smallest maxima, average maxima (x-axis is the average of the maxima of the fuzzy set resulting from the aggregation of the conclusion), and the most used method is the centroid (the returns of the centre of the area under the curve characterising the fuzzy set resulting from the aggregation of results).
In our research and after the calculation of the collective competence level CC jk,indicator equation (1), we apply fuzzy logic as follows: first, we identify the variable linguistics and membership functions for each defuzzified input (CC jk,EHW , and CC jk,OEE ) and defuzzified output [Evaluation -team with respect to each indicator, and critical team (CT)]. Second, each CC jk , indicator fuzzified separately and then we move to the defuzzification using the centroid method. Third, we conduct final defuzzification values of each indicator defuzzified previously in order to determine CT.
TOPSIS method integrated in collective competence level
TOPSIS chooses the closest ideal solution, and moves away from the worst solution. TOPSIS assumes that we have 'n' alternatives and 'm' attributes relative to criteria, and we have score of each option relative to each criteria. Let 'x ij ' score of alternative 'i' with respect to criteria 'j'. We have a matrix X = (x ij ) m × n. Let 'I' is the set of positive attributes or criteria (the ideal). 'J' is the set of negative attributes or criteria (the worst). According to Mahmoodzadeh et al. (2007) , TOPSIS procedure consists, firstly, of calculating the matrix of standardised decision: 
Secondly, calculating the matrix of normalised weighted decision , 1, , , 1, ,
where W j is the weight of 'j th ' criteria, and 
and negative
Fourth, calculating the Euclidean distance profiles A + and A -as follows: The fifth step, calculates a coefficient measuring approximation to the ideal profile , 1, , 
Case study
Methodology
Case study research
The purpose of this practical study is to illustrate how an assessment of collective competence, based on performance indicators can be used for competence management in SC. For this reason, a case study methodology is chosen on the basis of our proposed methodology (see Section 4).
Company selection
The company was selected due to the following reasons: first, we knew that the company was doing a research in this field. They were studying how to evaluate their employees' competencies level. Second, the heads of the company put at our disposal full time operators to assist us in realising interviews and time recording. They also allowed us access to database.
Methodology
The case study is based on both theoretical research and real data analysis. The first step is to describe production section in which we focus our study. The second step is to evaluate and compare the collective competence of production teams, based on performance indicators, using the proposed equation (1) to calculate the CCL, then using fuzzy logic and the TOPSIS method.
Case findings
About the company: production section
The work was experimented at an automotive equipment company located in Tangier Free Zone. Our study focused on the production of headrest section, especially, the upholstering and finishing posts. The work in theses posts precedes as follows: after foaming and cooling, the headrests are transferred to the upholstering post then to the finishing post (see Figure 1) . In upholstering post, they place the inserts in pressure apparatus then the foamed part and cover headrest, after that they transfer the upholster headrest to the finishing post. There, they take the product, add clips to the bracket, adjust the headrest, and pass the steam iron on the part. Finally, they control each part and put it in a plastic bag. 
Application of collective competence level methodology
The values of Performance Indicators found (f) and those required (r)
Performance indicators summarised in Tables 1 and 2 are calculated by the following equations (2), (3) 
and (4).
A ijk : i activity of product j relative to team k with: (i = 1 = upholstering or i = 2 = finishing), (j = 1 = Virgule or j = 2 = Ball) and (k = 1, 2, 3, 4).
Example: A111: upholstering activity of virgule headrest relative to team 1. Note: f: found and r: required.
Evaluation of competence level
Assumptions:
• both products 1 and 2 are similar but different in form
• both products 1 and 2 have the same degree of difficulty and even assembly process
• there are four teams; each team is formed of three operators.
We propose to determine the collective competence level following equation (1). The weight values of activity 'i' (W i ) are determined by three experts, depending on the level of difficulty of each activity so that 2 1 1. T jk : team 'k' that makes the product j, (with: (k = 1, 2, 3, 4) and (j = 1, 2)).
Application of fuzzy logic
Variable linguistics and membership functions
In this research paper, we use fuzzy logic to describe the form of the variable linguistic in both performance indicators of the company OEE, and EHW for the teams that make the headrests (Virgule and Ball). In our case study, we will define membership functions for each fuzzy subset, regarding each one of the variables (see Figures 2, 3 , 4 and 5): • Output 1: Evaluation-Team 1 (i.e., evaluation of the team relative to EHW). Subset: VL = Very low, L = Low, M = Medium, H = High, VH = Very high.
• Input 2: CC jk-OEE . Subset: VL = Very low, L = Low, M = Medium, H = High, VH = Very high.
• Output 2: Evaluation-Team 2 (i.e., evaluation of the team relative to OEE). Subset: VL = Very low, L = Low, M = Medium, H = High, VH = Very high.
• Inputs 3 and 4: OEE-d* and EHW-d*. Subset: VL = Very low, L = Low, M = Medium, H = High, VH = Very high (see Figure 5) . (d*, e.g., defuzzified)
• Output 3: CT. Subset: VL = Very low, L = Low, M = Medium, H = High, VH = Very high (see Figure 5 ).
For each linguistic term we define a value in order to build the specific indicators membership function. The set of five terms with their semantics is: We take as example the output membership function: CT, Figure 5 .
Fuzzyfication
The second step is to fuzzify all the values of the indicators provided by the company using the membership functions for each indicator. • Example of the reading of Table 5 : a 'T22 is High' when CC 22,EHW is a high at 0% degree and CC 22,OEE , OEE is high at 19.76%. b 'T22 is Very high' when CC 22,EHW is very high at 100% degree and CC 22,OEE is very high at 80.24%.
Inference mechanisms
In the third step, we define the set of rules and we give an example of rules to select the CT (relative to EHW-d and OEE-d) (see Figure 6 ). 
Results and discussions
The fourth step is to defuzzify the different fuzzy sets obtained previously, in order to get a numerical value for each indicator, using the membership function and method of the centroid as a model of 'defuzzification' (see the results in Table 6 ). After defuzzification of CC jk,EHW and CC jk,OEE , we take the obtained defuzzified values, listed in Table 6 and then move to the second defuzzification to determine CT. (See the results in Figure 7 , example T22 team and see Table 6 ). And for all teams we come up with Table 6 : In Figure 8 , we note that team T22 has higher level of competence (e.g., VH) then team T11 (e.g., H). While the team T31 represents a low level (L) and T42 is between the low (L) and very low (VL). 
Results and discussions: coefficient for measuring rapprochement to the ideal profile (R i )
To measure the rapprochement to the ideal profile we use the equation (16), and then we find the results 'R i ' as follows.
11: 0.8 ; 22 : 1; 31: 0; 42 :
The T22 team represents the best solution; the team T11 is an acceptable solution but the team T42 represent the bad worker profile and T31 represent the worst worker profile.
Overviews of results and discussions
In this research, we conclude that the proposal methodology of collective competence assessment, based on performance indicators with the integration of fuzzy logic and TOPSIS, allows the decision makers to take the adequate decision on the most appropriate and the best performing team. It also permits the incitement of competitiveness between teams. In Subsections 5.2.2.3.4 and 5.2.2.4.3, we find that the both fuzzy logic and TOPSIS methods give similar results in a simple and efficient manner; however, the difference is manifested when the use of Fuzzy Logic becomes difficult to develop fuzzy rules the fact that makes it a critical step, as far as the treatment of data is concerned, and that is why we should be very precise. Also, the determination of the intervals' evaluation from the 3D surface needs to be meticulous. As for TOPSIS, careful measures should be taking during the process of calculations in order to avoid undesirable solutions.
Conclusions
This research paper, introduces three contributions to evaluate the competence. The first contribution concerns an approach that evaluates the CCL through three stages: In the first stage, we calculate the performance indicators (the Workload, the EHW and OEE).
In the second stage, we exploit the measures of performance obtained in the first stage so to calculate CCL of teams. In the third stage, we implement the CCL found in the second stage, and we apply the fuzzy logic and TOPSIS methods. The second contribution deals with the use of TOPSIS method. It is as follows: after calculating the collective competence level, we determine the positive ideal solution A + and A -negative solution using the equations (12) and (13). Then, we calculate the Euclidean distance relative to A + and A -through equations (14) and (15). Finally, we calculate the coefficient for measuring rapprochement to the ideal profile R using equation (16).
However, the TOPSIS existing procedures consist of: first, the calculation of the matrix of standardised decision. Second, the calculation the matrix of normalised weighted decision. Third, the determination of the positive and negative ideal solution. Fourth, the calculation of the Euclidean distance profiles A + and A -. Fifth, the calculation of a coefficient for measuring rapprochement to the ideal profile R. The third contribution concerns the integration of CCL with fuzzy logic. Finally, these contributions are experimented through the application of our approach on a company specialised in automotive equipment. This later approved the efficiency and effectiveness of this approach.
Findings of case study were interesting for competence management. Responsible of supply chain could evaluate the CCL easily with relevance and handle the optimal allocation of human resources according to their competence level; it also tracks the performance of each activity.
The main challenge in implementing the competence management strategy in supply chain is how to encourage managers to work in a structured and organised way and motivate employees to give their best results. The challenge is to keep the continuous improvement and propose improvement actions. As perspective development of this work, we propose an approach to scrutinise and evaluate more the collective competence, and build the collective competence framework, that a company can rely on when assessing and relocating manpower, and we aim at integrating the ontological approach in our research.
